Introduction
Ophiolites are obducted fragments of oceanic lithosphere believed to have formed predominantly in supra-subduction zone environments, where old crust returns to the mantle and new crust is generated (e.g. Hofmann 1988; Elthon 1991; Bloomer et al. 1995; Tatsumi and Eggins 1995) .
Subduction-related magmas show wide variations in composition, which are generally attributed to variable source compositions and contributions from multiple components (e.g. Hickey-Vargas 1992; Tatsumi and Eggins 1995; Wendt et al. 1997) . Compositional variations in the source region may be closely related to the complicated geodynamic evolution of subduction systems (Flower and Levine 1987; Stern et al. 1990; Bloomer et al. 1995; Gribble et al. 1998) , and tracing the compositional evolution of magmatic rocks in ophiolites should shed light on the geodynamic evolution of subduction processes and the nature of crustal-mantle interaction. Temporal variations in lithology and composition of volcanic sequences have been documented in some ophiolites (e.g. Photiades et al. 2000; Bortolotti et al. 2002; Einaudi et al. 2003 ) and these can provide insights into the tectonomagmatic history of subduction zone systems.
The Kudi ophiolite in the West Kunlun Mountains, NW Tibet, is a key element for understanding the earliest accretionary history of the plateau (Pan et al. 1994; Matte et al. 1996; Wang, 2004) . Its volcanic succession, known as the Yishak Volcanic Sequence (YVS), is well-preserved and contains a continuous and relatively intact magmatic record of a supra-subduction environment (Deng, 1995; Yang et al. 1996) . However, previous studies of the Kudi ophiolite mainly focused on its geology and petrology (e.g. Deng, 1995; Wang et al. 2002) , and temporal variations of magma compositions in the YVS have not been previously investigated.
For this study, we conducted detailed field observations of the Kudi Ophiolite and sampled the YVS along a traverse with well-exposed outcrops.
New geochemical analyses for major oxides, trace elements and Sm-Nd isotopic compositions revealed significant temporal variations along the profile that can be linked to the geodynamic evolution of the paleo-subduction zone.
This work, in conjunction with other case studies (e.g. Piercey and Murphy 2001; Pfänder et al. 2002) , should improve our understanding of subduction zone processes.
pyroxenite veins within the peridotite consist of clinopyroxene (60-80 modal%) with subordinate orthopyroxene and range in width from a few millimeters to ten centimeters.
Radiolarian fossils in chert overlying the YVS indicate an equivocal
Ordovician age for the Kudi ophiolite (Fang 1998) . More recently, a SHRIMP U-Pb zircon age of 510±4 Ma has been obtained for a gabbroic sample (Xiao et al. 2003) , indicating that the Kudi ophiolite formed in the Late Cambrian.
Field relationships and petrography of the YVS
The YVS is located around the 137-km marker of the Yecheng-Mazar Highway (Fig. 2 ). It is thrust over a Precambrian metamorphic complex and is in fault contact with the Yirba pluton to the north (Mattern and Schneider 2000) .
The Yirba pluton is dated at 471 Ma and represents the active continental margin of the Tarim Craton (Pan et al. 1994; Matte et al. 1996; Yuan et al. 2002) . The YVS and the overlying turbidite constitute the Yishak Group, which represents the uppermost part of the Kudi ophiolite (Wang, 1983) . Pillow structures of the volcanic rocks and bedding of the overlying turbidite indicate that the volcanic strata dip to the WSW (Deng 1995) . Paleocurrent data from the turbidites suggest deposition in a S-to SW-dipping forearc basin (present direction) (Fang 1998) .
The well-preserved YVS has a total thickness of over 1,000 meters and consists of five major units, labeled A to E from the base upward (Fig. 3) . In addition, a few lenses of chert, shale and tuffite are present locally between units C and D. These units are easily distinguished in the field on the basis of lithology and grain size, although the boundary between units D and E is somewhat obscure. Unit A consists of massive basalts that grade upward into pillow basalts of Unit B. Unit C also consists of massive basalts, which are overlain by amygdaloidal pillow basalts of Unit D. The uppermost Unit E is composed dominantly of amygdaloidal andesitic rocks, including a 300-meter sequence of andesitic breccia and tuff (Wang 1983; Fang 1998) (Fig. 3) . Mafic dykes cut rocks of Units A to D, but are absent in Unit E. Pillows in the YVS are generally less than 1 meter in diameter and sometimes display radiating fractures and vesicular rims, containing secondary phases, such as chlorite, epidote, calcite and quartz. Although fine fractures can be locally observed on outcrops, the YVS did not undergo ductile deformation, as indicated by the well-preserved pillow structures.
Units A, B and C of the YVS are dominated by fine-to medium-grained basalt, with crystal sizes ranging from 50 to 200 μm. Rocks in the three units generally show ophitic to subophitic textures and are composed of plagioclase (30-40 modal%), clinopyroxene (20-40 modal%), Fe-Ti-oxides (< 5 modal%), and very fine-grained interstitial material (20-30 modal%) . Olivine is very rare in the YVS and was only identified in Unit A. Units D and E are dominated by fine-grained, amygdaloidal basalts and andesites with abundant (~ 50 modal%), needle-like plagioclase (less than 100 μm in length). Some samples in Unit E contain even higher proportions of plagioclase (~ 60 modal%). The amygdules in these rocks range up to 5 cm in diameter and are generally filled with carbonate or silica. The mafic dykes are relatively coarse-grained with ophitic textures and are composed mainly of plagioclase (40-50 modal%) and clinopyroxene (30-40 modal%).
Rocks in the YVS have undergone low greenschist facies metamorphism, resulting in cloudy plagioclase, replacement of mafic minerals by chlorite and formation of very fine-grained, unidentifiable interstitial material. In addition, epidote, chlorite, quartz and calcite locally fill veins and vesicles.
Sample preparation and analytical methods
The Yishak Group is well exposed in an elongate triangle along the Yecheng-Mazar Road. A traverse, along the Yixiek Valley, cuts through the YVS in an E-W direction nearly perpendicular to its strike and provides a well-exposed profile for sampling. Samples in this study were collected both in the valley and along the road. After removal of weathered surfaces and amygdules and veins, the samples were crushed into small pieces and cleaned with deionized water in an ultrasonic vessel for 15 minutes. The dried rock chips were then powdered in an agate mill.
Major oxides were measured on fused glass discs, whereas Sc, V, Cr, Cu and Ni, were analyzed on pressed powder pellets using standard X-ray fluorescence (XRF) techniques at the University of Hong Kong. Rare earth elements (REE), Nb, Ta, Zr, Hf, Th and U were analyzed on a VG Elemental Plasma Quad Excell ICP-MS also at The University of Hong Kong, following the analytical procedures described by Qi et al. (2000) . Precision of the XRF analyses is estimated to be 2% for major oxides present in concentrations greater than 0.5%, whereas precision for the ICP-MS analyses is generally better than 5%. Forty-nine samples were analyzed for major oxides and trace elements and the results are listed in Table 1 .
Samples for Sm-Nd isotopic analyses were digested using mixed HNO 3 and HF acid. Nd was separated from other elements using a two-step exchange procedure described in Li et al. (2004) . 143 1990; Peacock et al. 1994) , which may fertilize the upper mantle during melt-rock interaction and produce Nb-enriched basalts by partial melting (Kelemen et al. 1990; Sajona et al. 1996) . However, Nb-rich basalts generated in this way possess lower Nb/La and higher Gd/Yb than plume-related rocks or E-MORB. In the Gd/Yb vs. Nb/La diagram, Unit B samples plot in the oceanic plateau field, as do most plume-and E-MORB-related samples (Fig. 10 ). Therefore, Unit B cannot be ascribed to partial melting of subducted lithosphere.
That subducted sediments can lead to Nb-enrichment in arc magmas has been documented in high-K rocks from Indonesia, which are characterized by low Nb/La and abnormally high Nb/Ta (>20) (Stolz et al. 1996; Hoogewerff et al. 1997 ). However, the rocks of Unit B have high (Nb/La) PM (1.18-1.53) and chondritic Nb/Ta (16 -18), and are characterized by homogeneous compositions almost identical to those of E-MORB ( Fig. 5 and 9 ). These geochemical characteristics preclude contributions from subducted sediments and imply an enriched (E-MORB) mantle source for Unit B.
Subduction-modified E-MORB residual source for Unit C
The rocks of Unit C are characterized by the depletion of HFSE (Nb, Zr, Hf and Ti) relative to REE ( and considerable Nb-depletion (Nb/Nb*= 0.2 -0.8), implying that they experienced less fractional crystallization of plagioclase.
Variable arc-related mantle source for Unit E
The LREE-depleted characteristics and chondritic (Gd/Yb) Ch ratios of E-1 samples indicate that they were produced by partial melting of a depleted mantle source. The variably negative Nb, Zr-Hf and Ti anomalies ( (Fig. 3) . A similar stratigraphic relation has been documented in Guam, which was ascribed to alternately tapping differently depleted, hydrated mantle sources from distinct levels (Reagan and Meijer 1984), or alternatively to partial melting of a hydrous mantle diapir with thermal and compositional zoning (Tamura 1994).
Implications for initiation of subduction zones
The 
Conclusions
The Yishak Volcanic Sequence can be divided into five units based on their compositional characteristics, recording a complete spectrum of magmatic evolution in a subduction-related environment. Unit A has N-MORB-like characteristics and the most depleted Nd isotope compositions, whereas the overlying Unit B possesses E-MORB-like compositions, characterized by relatively high Nb contents and relatively low εNd T values.
Both units lack significant subduction-related signature and formed by sequential partial melting of upwelling mantle. Units C to E and the mafic dykes The thickness was estimated according to Wang (1983) and Xiao WJ et al. (2002) . Major element data have been recalculated on anhydrous basis. 
